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The Isolation of an Ion 

Measuring the Smallest Thing in the W orId 

By \iVilliam .J. Humphreys, U. S. 'V eathel" Burean 

J
UST as the accurate measurements of controlled 
phenomena have taught us much that is definite 

and much that is useful about the divisibility of mat
ter, so also cleverly designed and skillfully executed 
experiments are giving us equally definite knowledge 
of the atomic nature of electricity, of the fact that 
there is a measurable and seemingly ulti
mate limit to the divisibility of an electric 
charge, and what the exact magnitude of the 
ultimate chan;l' is. 

Like near:y every other discovery of im
portance, this one, too, has a long and an 
honorable history, In fact it can be traced 
back, step by step, almas, a century, 

The first, and in many ways most fruitful 
contribution to this subject, was made by 
that prince of experimenters, Michael Fara
day, It consisted in proving that when an 
electric current is passed through a water 
solution of any one of certain subs�ances, 
the substance itself is taken out of the solu
tion, to an extent dependent entirely upon 
the quantity of electricity so passed, and 
upon the nature of the subs.ance dissolved, 
Thus, wlien the same current is passed in 
series through the water solutions of several 
salts, such as sodium chloride, silver nitrate, 
copper sulphate, and the like, the weight of 
the metal deposited, or, under proper condi
tions, permanently removed from the solu
tion, is directly proportional to the atomic 
weight of the metal itself, and inversely 
proportional to its valency, that is to say, to 

the number of hydrogen atoms necessary 
chemically to tal,e the place of one atom of 
the metaL This proportionality between the 
quantity of electricity passed through the so
lution, and the resulting amount of chemical 
decomposition, holds rigidly true, within the 
limits of experimental error, under all con
ditions, and hence it seems practically cer
tain that to each ion in a solution conveying 
an electric current there belongs a defini:e 
electrical charge; and that the smallest or 
such 

,
s:harges is that carried by a single 

hydrogen atom, or by a single atom of any 
other univalent substance. A bivalent atom, 
such as copper in copper sulphate, carries 
just twice the smallest, or univalent charge; 
a trivalent atom three times the smallest 
charge; and so on for atoms of still higher 
valency, Hence, in electrolytic solutions 
there is a measurable "smallest possible 
charge," of which larg,"r electrolytic charges 
are only definite multiples. 

A natural inference from these experi
mental facts would be (and this inference 
was drawn by many) that electrical charges 
are just as definitely atomic in their nature 
as, for instance, is a mass of iron, That 
just as, under given conditions, there is a 
limit to the actual, though not to the con
ceivable divisibility of matter, so too there 
is a limit to the actual, though again nnt LC 

the conceivable divisibility of an electri� 
charge, This, howe,er, was only an infer
ence, and for many years the way to test it, 
in the case of any quantity of electricity 
o�,her than that used in the decomposition 
of an electrolyte, was not evident. Besides, 
even in the process of electrolysis, the most 
refined measurements could d irectly detect 
nothing less than the aggregate of countless 
millions of elementary charges, so that the 
valu,e of the unit charge was only inferen-
tially and not immediately d eterminable, 

About a dozen years 'ago, J. J. Thomson, H. A, Wil
son, and C, T. R. Wilson began, in the Cavendish la
boratory at Cambridge, England, a series of most in· 
geniously devised and skilfully executed experiments 
that proved the existence of minute electrical charges 
in conducting gases, and showed their average value 
to be, as nearly as could be determined, the same as 
that of the e:ectrolytic charge spoken of above, 

C, T. R. Wilson showed that a fog of water particles 
will form in dust-free ail' whenever the degree of 
super-saturation is sufficiently pronounced. If the air 
is ionized, or has been rendered conducting through 
the action of X-rays, or otherwise, then a four-fold 
super-saturation causes condensation of the water 
vapor on the negative electrons; a six-fold super-sat-

uration gives condensation on the positive electrons; 
and an eight-fold on the neutral molecules of the gas 
itself. 

Now, a knowledge of the amount of water vapor 
present, and of the extent of the cooling below the 
dew point by which the super-saturation is produced 

Probably the simplest method of measuring this 
charge, through the behavior of the fog as a whole, is 
that devised by H_ A_ Wilson_ The rate of fall of the 
fog is measured when there is no external electric 
field acting on it, and thus the size and weight of the 
individual particle determined. After this, a vertically 

directed uniform electric field is brought to 
bear on the parEcles, and regulated to just 
counteract the force of gravity, so that the 
fog neither rises nor falls. Under these 
conditions of equilibrium the value of the 
charge on each particle of fog, multiplied 
by the s�rength of the field, is equal to the 
weight of the suspended particle, and hence 
when both the weight of the droplet and 
the strength of the field that keeps it in sus
pension are known, the numerical value of 
the (harg:) is also known. 

All this, however, assumes that the rate 
of fall of the fog en masse, the group rat�, 
is the same as would be that of a single 
or:e of its droplets if alone_ This, as a 
nn tt€l' of fact, is not rigidly true. 

For this, and for other reasor.s too. 
seemed extremely desirable to Prof.' R. 
A. Millll<an, of the Ryerson physical J:tbo:,'a
tory, at the Universi' y of .Chicago, somehow 
to iso:ate and to measure an ion entirely 
by itself. 

/\. few years 'ago it would have been al· 
most Eilly even to have dreamed of accom
plishing such an experimental feat. But 
Prof. Millikan ('has most cleverly solved 
this seemingly impossible problem, and by 
so doing probably has made by far the most 
::tccurate of all determinations of the value 
of this fundamental unit, the atom of elec
tricity. Nor is this all, for the improved 
value of this unit carries with it carre· 
spondingly corrected values of other things 
-such as the number of atoms per unit 
weight of any given element, and the mass 
of the individual atom itself. 

Prof. R. A_ Millikan, who has isolated an ion and measured 

the ultimate unit of electric charge. 

The full account of this ingenious amI 
valuable investigation -is given in the Phys
ical Review for April of this year, anti 

'should be consulted by any one especially 
interested in the subject. In brief the 

B-ITTERY 

GROUND 

The apparatus by means of which Prof_ Millikan has isolated 

an ion and measured its charge. 

enables one easily to compute the weight of the water 
condensed as fog, Furthermore, if the fog is left to 
itself, it slowly settles at a rate which, as Stokes 
proved long ago, depends upon the size of the indi
vidiual particles and upon the viscosity of the medium 
through which they fall. 

A measurement, then, of the rate at which the fog 
falls, since it all falls at about the same rate, enab�es 
one to calculate the size of th'e individual particle, 
and this knowledge of the size of the particle, to
gether with a knowledge of the amount of water con
densed, at once gives the total number of particles, 

On bringing a charged body near this electrified fog 
its motion is modified. and a means is at hand for mea�
uring the magnitude of the charge on each partic:e. 

process by which single ions were isolated 
and individually measured was as follows': 

A fine spray of oil was blown by dust-free 
air into a dust-free chamb'3r, the bottom of 
which was closed by a brass disk 22 centI
meters in diameter. The center of this disk, 
which was perfectly plane on the under side, 
was pierc·ed by a pin-hole, through which an 
occasional oil droplet felL Strictly parallel 
to this disk, and just 16 millimeters below 
it, was another brass disk of the same size, 
A band of thin ebonite was bound around 
the edges of the disks, while ebonite rods 
kept them fixed in position and also strictly 
insulated from each other, In this way a 
cylindrical air chamber, 22 centimeters in 
diameter and 16 millimeters long, was 
formed between the two parallel brass 
plates. 

A parallel 'beam of light was passed 
through two diametrically opposite glass 
covered holes in the ebonite band, and hence 
immediately beneath the pin-hole in the 
upper plate. Through a third glass covered 
hole in the ebonite band a low power tele-
scope was so focused as to show distinctly 
any object fioating in the air immediately 
beneath the 'Pin-hale. As soon as one or two 

dro;,llets chanced to fall through this opening, and, 
therefore, into the field of the telescope, it was clo�ed 
by an electromagnetically operated cover, so as to pre
vent, as far as possible, all disturbances due to air 
currents. Changes in the size of the drop were al
most entirely eliminated by the use of substances that 
evaporate slowly, and by the additional precaution of 
having the volume of the cylinder, through moistening 
its walls, already saturated with the vapor of the sub· 
stance used. 

The rate of fall of the droplet, due to the force of 
gravity alone, was measured, and in this way its size 
and mass ap>:lroximately determined, as above ex
plained. The plates were then charged to a known 
difference of electrical potential and hence the move· 
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ment of the droplet, if electrified, was changed. The 
new velocity was measured and its direction noted. 
These measurements with the electric field alternately 
off and on were repeatedly taken, but during the 
course of the observations it frequently happened that 
the droplet encountered and entrapp€d a free ion of 
one or (he other sign, as was evidenced ·through its 
abrupt changes in velocity. The more ionized the 
gas, the more frequent the captures. 

By this process free gaseous ions of either sign have 
been captured at will, either singly or in multiples, 
and their magnitude has been so carefully measured, 

<trnrrr!ipnu�rurr 
[The editors are not responsible tor statements 

made in the correspondence colurnn. Anonymous com

munications cannot be considered, but the names 01 

correspondents will be withheld when so desired.] 

The Right and the Wrong Way of Mining 

Coal 
To the Editor of the SCIENTIFIC AMERICAN: 

Dr. Holmes's article upon the conservation of the 
coal resources was highly interesting, and from the 
viewpoint of the scientist leaves nothing to be de
sired. It was, to my mind, the distinctive feature of 
your issue of August 12th, 1911. With your permis
sion I would like to state a mere layman's side of coal 
conservation. 

To clearly convey my meaning I will use two minE)s 
about 900 miles apart. The Blossburg, Pa., coal region 
has five veins of coal; that of the Sullivan County, 
Indiana, region has seven veins of coal. Now note 
the difference between mining systems. 

The lower drift at Arnot, Pa., has been worked 
since 1866. There was seldom less than 800 miners 
employed in it. The workings extend over 23,000 acres 
and 96 per cent of the coal is taken from the work
ings. In the forty-five years the mine has been worked 
but six men have lost their lives while digging coal, 
and an accident is a very rare occurrence. That I 
term the correct method of working a coal mine. 

In Sullivan, Indiana, a coal mine ,has been worked 
seventeen years. About 150 miners are employed. 
The workings extend over 600 acres. A n  average of 
seven men have been killed i n  it each year, while ac
cidel).ts are of almost daily occurrence. That I call the 
incorrect method, for less than 60 per cent of the 
coal is taken out. 

The method of working at Arnot, Pa., is this: All 
coal is both undercut and s'heared 'by pick or ma
chine; then a few ounces of powder brings down the 
coal without shattering the strata above, so that when 
the out-crop is reached the pillars can be drawn, thus 
leaving but three or four per cent of the coal behind. 

The freedom from death and accident is due to this: 
When the miner reaches his room ,he immediately 
takes his lamp from his head and cautiously raises it 
once i n  a while to see if the flame will denote the pres
ence of fire-damp. If so, he does not bJ.ow it out, but 
slowly puts it down on the ground and extinguishes 
the lamp by placing his coat over it. Wihen the miner 
reaches the "face" he takes a pick and sounds the roof 
to find out if there is any loose rock overhead. If so, 
he either wedges it down or sets a prop under it. 
Though the mine is full of coal dust no dust ex
plosion ever took place in it. 

At Sullivan, Indiana, the coal is "shot from the 
solid." Little or no under·mining is done. Each 
miner uses at .from five to ten pounds of dynamite dr 
an equally strong explosive each day. This not only 
loosens the coal,- but shatters the roof also, so that if 
a vein of coal is above the' one worked, it is extra 
\\'a:z.lnd()\.\s. It does mO'l:e. It <:.auses the almost da\\y 
accident and the loss or about 40 ,per cent of the coal 
in the mine. It is rarely possible there to draw. the 
pillars. So the net result is the loss of 40 per cent of 
the tnine worked, the almost entire loss of the vein 
above and a continuous maiming and killing of the 
miners. 

"Consider this matter in another way: Supposing ,a 
half ton or more of dynamite were explod,ed in five and 
ten-pound charges in the streets of a city within one 
,hour. What would be its effects in the open? Apply 
this, then, to what must be the effect of the explosion 
of a similar amount in a mine where the effect of the 
explosion has but a single direction to expand. All 
this is to take place within the area of fifty acres. 

The method used in Indiana is in vogue all over the 
West. It is wasting, criminally wasting, a large per
een tage of the most valuable of nature's gifts and 
ra'using a wholesale slaughter of men. I edited the 
national official organ of the coal miners for seven 
years, and my observtions, extending practically all 
over the coal fields, taught me that there was but one 
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under conditions so free from assumptions, that the 
size of the electrical atom, the smallest quantity of 
electricity now attainable, is known probably to with. 
in one part in 500 of its actual value. 

Numerically this value is the absolute electrostatic 
unit multiplied by 4.891 X 10-1°, a quantity in-com
prehensively small. To iliustr,ate its excessive mi
nuteness, let us suppose one hundred millions of people 
should begin to ,collect and count these atoms of elec
tricity, just as Prof. Millikan has collected and counted 
them, only at the extraordinary rate of 100 evel'y 
minute, and let them keep steadily at 't until they 

way to prevent the slaughter of niiners and the crim
inal waste of coal, to wit: To make it a penal ofc 
fense to shoot coal from the solid or to attempt to get 
it without undercutting and shearing the "shot" with 
either pick or machine. 

What would be the result? But one-tenth cf the 
powder would do the work; there would be no dust ex
plosions, for little dust WOUld. be made; the strata 
aboye would be practically unharmed, thus preventing 
the killing and maiming cf miners and securing oyer 
90 per cent of the coal. 

That this is so is again iHustrated by coal regions 
separated only by countY- lines, Allegany Courtty, 
Maryland, where the method used is similar to that 
used in Arnot, Pa., with. similar results, and Allegheny 
County, Pa., where the Indiana method is 'used and 
the same results ensuIng. 

When I stated these things in the miners' organ 
the operator would sneer at them because he wanted 
to get the greatest amount in the shortest time regard
lees of the wrong he was doing to the country' and 
the injury to future generations.' Many miners in
dulged in somewhat heated criticisms of myself, for 
they, too, wanted to get the most for the le3st. 

Some day,. some time, we will secure a legislator 
and a Congress with patriotism and courage enough to 
enact laws that will s,top this devastation and the 
destruction of an asset :inca)cuable in value, 

Blossburg, Tioga County, Pa. S. M. SEXTON. 

Eugenics and the Conservation of Humanity 

To the Editor of the SCIEi'iTIFIC AMERICAN: 

Conservation of American forests is important. So 

is conservation of American coal, and oil, and nat
ural gas, and water supply, and fisheries. But the 
conservation and improvement of the American race is 
far more important than all other conservation. The 
real wealth bf a nation is the quality of its people. 
Of what value are endless acres of forests, millions of 
tons of coal, and billions of gallons of water, if the 
race is not virile, and sane and sound? You have 
shown a fine discrimination in including an excellent 
editorial on eugenics in your Conserv'ation Number, 
and as one of your many readers I wish to thank 
you heartily for', it. Germany is ahead of us in her 
forest policy. She is also ahead of us in her 
efforts to improve and conserve her people. England 
is ahead of us, too, in the practical interest which is 
now taken there in the splendid work of the National 
Eugenics Laboratory of the University of London, 
and of the Eugenics Education Society. In the United 
States we are just beginning to take notice of the 
work of foreign investigators along eugenic lines, and 
slowly but surely' the painstaking researches of Dr. 
Charles B. Davenport, and of his colleagues of the 
-Committee on Eugenics of the A!Ilerican Breeders' 
Association, are attracting attention and will lead 
to action. 

Fearfully misguided bas been most of our ,so-callen. 
philanthropy. We have ,.;hqused and clothed and fed 
the defective, the 'degene�ate, the delinquent, to such 
an extent that we have eI1couraged them to reprOduce' 
\��\.'I: \l..\.l\.Q. \.l\. �"�'I:-'S'I:()'N\.l\.'�, l\.l\.m�'o:�. "Ne 'ruI,,,e "',*,l\.\. 

increasing sums for asylums, almshouses, prisons and 
hospitals, in which we have temporarily confined the 
insane, the pauper, the habitual criminal, the imbecile, 
leaving them free, during most of their Uves, to pro
pag,ate their kind. It is a fact, disguise it 'as we will, 
that we have taxed o'urselves to support institutions 
which have resulted in incr·easing, and not decreasing, 
the number of the unfit. We have before us an im· 
mediate duty, of tremendous importance, in caring 
for our own unfit; in seeing to it, by adequate legisla
tion, that the insane, the habitual criminal, the feeble
minded and similar class'es are permanently segre
gated, so that they cannot reproduce their kind' to be 
a further burden upon' the nation, and in enacting 
laws which' shall prevent the marriag.e of those whose' 
offsprIng will be unfit. 

But, in addition to' our own very heavy burden of 
those who are defective or degenerate, we are adding 
every year, by immIgration, many hundreds if not 
thousands of .aliens whose presen,ce here wlll inevita
bly result, because of their own defects, or those of 
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'had enough to generate by electrolysis sufficient hy
drogen to fill a chHd's toy baUoon of sOllle eight inches 
diameter. Certainly this would not be enough elec
tricty to consider in any commercial transaction, and 
yet it would take the above hundred million hustlers 
geological ages-in fact something like four millions of 
years-to coHect it by the process described. Surely, 
then, the electric ion is small beyond comprehension, 
and its de,finite isolation and exact measurement 
stands forth as one of the cleverest, as it is also one 
of the most important, achievements of modern 
physics. 

their offspring, in lowering the physical and mental 
and moral standards of the American race. We, in 
the United States, have a wonderful opportunity to 
.apply eugenic principles, upon a scale which no other 
nation can begin to approach, in our power to select 
and regulate alien immigration. Unprejudiced experts 
are agreed that our present very liberal immigration 
laY/S do not suffice to preserve the status quo-physical 
and mental-of our population, and .are very far in
deed from promoting any improvement. We are here 
forming a new race, extraordinarily heterogeneous in 
character, yet we are to-day taking more care to see 
that a Hereford bull or a South down ewe, imported 
for breeding purposes, are sound and free from dis
ease than we ' take in seeing that the alien fathers 
and: mothers '

of future American children a re sound 
and ' strong a�d sane and fit. Biologists admit that 
they have mu�h to learn about heredity. But of some 
things they are already sure. Enough is known to 
make it absolutely essential, if the quality of the 
American race is to be preserved, that there should 
be a far more careful selection of our incoming alien 
immigrants, on eugenic grounds, than we have ever 
attempted. 

The need is imperative for applying eugenic princi
ples in much of our legislation. But the greatest, the 
most logical, the most effective step that we can take 
is to begin with a proper eugenic selection of the in
coming alien millions. If we, in our generation, take 
these steps we shall earn the gr,atitude of millions of 
those who will come after us, for we shall have begun 
the real conservation of the American race. 

Silver Lake, N. H. ROBERT DE C. WAIlD. 

Education and Success 

To the Editor of the SCIENTIFIC AMERICAN: 

Your article on the above subject in the i�sue of 
June 3rd appeared to me most admirable, and the con
clusion that "your success is measured not by what 
the world gives to you, but by what you ,give to the 
world," one. to be written in letters of gold. 

But is not the chief object of each one- of us per
sonal happiness? And how is the question affected 
when we consider .personal happiness? Who are the 
happiest of human beings? After a long life, in which 
r have met and consorted with all sorts and conditions 
'of men, I cannot help thinking that what Grevi'lle 
recorded-I write from memory-nearly one hundred 
years ago is true: The men who pass their lives 
absorbed in personal ambition, personal aggrandize
ment, 'Or personal pleasure, are not happy. Those 
who live for others or seek their highest personal 
manifestation in labors to advance art, science, liter
ature, and morality are happy. 

If, then, the greatest success man can attain on 
earth is personal happiness, we again find that "your 
success is measured not by what the world gives you, 
but by what you give true world." 

F. C. CONSTABLE, M.A. 
Wick Court, near Bristo'l, England. 

Preservation of Niagara Falls 

T() the Edi.tm: ()t the SCU1.NT1'FIC A1.'I.Y.ru.C .... N·. 

I take this occasion to compllment you upon your 
strong editorial stand for the preservation of Niagara 
Falls. Though everyone knows that the SCIENTIFIC 

AMERICAN is published for the scientific and the in
dustrial arts, it is certainly refreshing to see a 
journal of your class have some feeling and regard 
for America's natural wonders. 

These wonders, and particularly Niagara Falls, are 
national assets in'more senses than one, because they 
draw together citizens from all parts of the country, 
and they also amass great wealth in the form of 
visitors to the localities possessing these wonders. 

Thereliore the wonder,s of America should be pre
served, not only for sentimenta:l reasons for all lovers 
of the beautiful, but also for the patriotic and financial 
reasons. 

I trust that the SCIENTIFIC AMERICAN may be suc
cessful in its good work in stopping any further en
croachments upon what is left of the beauty of Niagara 
Falls. 

New York City. PALMER H. LANGDON. 
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